Abstract mitochondrial dnA (mtdnA) is a molecular tool that is very effective in genetic research, including phylogenetic analysis. the non-coding region is the most variable fragment of mtdnA, showing variability in length and nucleobase composition and containing three domains: two hypervariable peripheral regions and the conserved domain (d-loop) in the middle. the Anseriformes are amongst the best studied avian groups, including approximately 150 species and containing geese, swans, ducks (Anatidae), the magpie goose (Anseranatidae) and screamers (Anhimidae). the most numerous family is the Anatidae, appearing in close relationships within the phylogenetic branches of the species. there are differences between the non-coding region of the Anatidae in comparison to other avian control regions. in the article presented below the control region sequences and the phylogeny of the Anatidae were reviewed.
The composition and pattern of nucleotide in D-loop between mammalian and avian species are similar (Randi and Lucchini, 1998) . In mammals, the D-loop shows high variability in length and base organisation (Saccone et al., 1991) , whereas according to Ruokonen and Kvist (2002) the length of the investigated avian control region varies between 1028 bp (Struthio camelus) and 1581 bp (Cyanoramphus auriceps) , with a wide range of diversity in genetic distances from 0.00 to 37.88% among species. The average nucleotide frequency in the avian non-coding region is A -28.46%, C -28.88%, G -13.94%, and T -28.71%, besides which the contents of cytosines and adenines are dominant in domain I and domain III, and cytosines and thymines in domain II. The greatest variability occurs in domain I in most genera of avian species (Alectoris, Anser, Cepphus, Geospiza, Cyanoramphus, Grus) , but in many the high variable is domain III, or domain I and III are equal, respectively. The conserved sequences are concentrated in domain II, but also localised in all three domains in mammals and birds (Sbisà, 1997; Ruokonen and Kvist, 2002) . In avian species the domain II length varies from 384 bp in the Geospiza scandens to 468 bp in the Anser and Alectoris, while in mammals it reaches a length between 304 and 328 bp.
Ruokonen and Kvist (2002) identified three conserved sequence boxes B, D and F in domain II; additionally, there was some similarity of the C box and E box, but only in some species, emphasising that the B box among the avian species is different to that in vertebrates and also that the D box and F box have better sequence matching compared to mammalian sequences. Conserved sequences outside of the central domain, CSB-1 (conserved sequence block 1) and cytosine stretch, are located in domain III and domain I, respectively. C-stretch is located at the beginning of domain I, creating a hairpin structure with the short region downstream, occurring in Galliformes and Anseriformes. Besides that, in domain I there were identified 16 of short sequence motifs -TAS -which are affected during the DNA synthesis termination and display the variable conservatism. CSB-1 in birds is the beginning of domain III, and differences occur in the sequence compared to mammals. CSB-2 and CSB-3 appear additionally in the mammalian control region, whereas in avian species these sequences have not been identified or are in an incomplete form (Figure 1) (Sbisà, 1997; Ruokonen and Kvist, 2002) .
Analysis of the control region in the Anatidae
Anseriformes is a varied group of avian species displaying worldwide plurality and morphological and biological diversification (Olson and Feduccia, 1980; Gonzalez et al., 2009) . The taxonomy of Anseriformes is complicated due to the close relations between about 150 species; nevertheless, it is one of the best studied avian groups (Donne-Goussé et al., 2002) . The global population of Anseriformes is divided into the three families: Anhimidae (screamers), Anatidae (ducks, geese, swans), and Anseranatidae (magpie geese) (Donne-Goussé et al., 2002; Liu et al., 2013; IOC World Bird List) . Anseriformes with Galliformes birds -quail (Coturnix japonica) and chicken (Gallus gallus) -form a sister clade -Galloanseres (Feinstein, 2006) . and mammalian consensus sequence (including the shorter TAS sequences) (Sbisà, 1997); R1, R2 -tandem repeats in the peripheral domains; B, C, D, E, F -conserved sequence blocks of the central domain; O H -origin of H-strand replication; CSB 1, -2 and -3 -conserved sequence blocks; LSPlight-strand transcription promoter; HSP -heavy-strand transcription promoter (according to Randi et al., 1998; Ruokonen and Kvist, 2002) .
Their plurality and significance from an economic perspective show the Anatidae as an important part of Anseriformes. The Anatidae is separated into two subfamilies Anatinae (Mergini, Anatinae, Tadornini, Aythyini) and Anserinae (geese, swans, Dendrocygna). But there is a considerable debate about the classification status of some groups of Anseriformes and the phylogenetic relationships in some of the subfamilies, but the studies are still ongoing (Donne-Goussé et al., 2002; Gonzalez et al., 2009) . Formerly, the relations among the families were created based on the phenotype of the animals -for example colour of their feathers, body form or size of the particular bird -but currently genetic analyses have replaced it. Currently, the analysis based on nuclear DNA and mitogenome clarifies the phylogenetic relationships among Anseriformes (Ruokonen et al., 2000) . The control region of Anseriformes has a similar arrangement of genes and the attributes of a typical avian sequence. The presence of three domains has been reported by Donne-Goussé et al. (2002) : domain I begins at the 5' end of the light-strand and contains 470 nucleotides, from position 471 begins the central domain to 1050, and finally domain III from position 1051 to the 3'end of non-coding region. The conserved central domain has three identifiable conserved sequence boxes -the F-, D-and C-box -and one conserved sequence of CSB-1 located in domain III similar to other birds.
The same as in other avian species, the control region begins with the sequence of tRNA-Glu and finishes with tRNA-Phe. The average size of the non-coding region of Anseriformes is in range of 1100 bp. Among Anatidae occurs a deletion of 100 -130 bp versus other Anseriformes and also short deletions of about 1 -20 bp in domain I compared to other species in these genera. Except for this, the deletions in the 5' (61 bp) and 3' (38 bp) end were reported in the Lesser snow goose and in the Peking duck compared to the domestic chicken. The highest average frequency of cytosine (31.2%) was observed among Anseriformes D-loop, after adenine (28.0%), thymine (25.5%) and guanine (15.4%). A and C are the most common among domain I, C and T among conserved domain II, and A and T rich in domain II besides a very low amount of G, which is typical for avian species (Donne-Goussé et al., 2002) .
Recent research has provided data on the evolution, genetic diversity and phylogeny of the Anatidae. The control region of Anatidae has a typical arrangement and order of genes beside the bird's usual nucleotide composition. It is placed in a characteristic location for most of avian, between tRNA-Glu and tRNA-Phe (Ruokonen and Kvist, 2002) . The complete mitochondrial genome of the Swan goose Anser cygnoides is 16740 bp and the arrangement of the genes is typical for vertebrate animals containing 22 tRNA and 2 rRNA genes, 13 protein coding genes and one control region 1177 bp long, placed between tRNA-Glu and tRNA-Phe. The A (30.21%) and C (32.24%) are nucleotides with the highest frequencies (Zhu et al., 2015) . The Yanling white goose Anser cygnoides Linn. var domestica, a famous goose breed of China, has mtDNA longer than Swan goose with the highest rates of A (30.22%) and C (32.02%) nucleotides as well. D-loop contains a typical structure and location for avian species and has 1178 bp length (Lin et al., 2014 a) . The Xupu goose Anser cygnoides Linn. var domestica, indigenous domestic breed of geese, farmed in China for hundreds of years, has the same length of mitogenome as the Yanling white goose with the highest rates of A (30.21%) and C (32.02%). The composition of genes is characteristic for Anseriformes, containing one non-coding control region with a length of 1178 bp in a typical position (Lin et al., 2014 b) . The complete mtDNA was sequenced in the case of the Wugangtong white goose Anser cygnoides Linn. var domestica, also a well-known breed in China. mtDNA of this goose diverges from the Swan goose with only one nucleotide base and has the highest content of A (30.22%) and C (32.02%) as well, including the same length of D-loop, located between tRNA-Glu and tRNA-Phe (Jiang et al., 2014) . It was reported that the Bean goose Anser fabalis complete mitochondrial genome is shorter than previous mentioned breeds of geese, including the usual number of genes and one non-coding region (1182 bp) in typical location (Liu et al., 2013) .
The Canada goose (Branta canadensis) is a common species in North America in which mtDNA sequences were used to specify genetic correlations among the various subspecies in North America. Approximately 80% of the control region is alignable when comparing Anser and Branta (Ruokonen et al., 2000) . The mitogenome of the Canada goose Branta canadensis is 16760 bp and exhibits the typical gene arrangement of the Anatidae bird family. The control region is placed in the position 15567-16760 bp and it is located between tRNA-Glu and tRNA-Phe (Snyder et al., 2015) . Moreover, in the publication of Donne-Goussé et al. (2002) and GenBank the sequences of the control region of all mentioned Anser and Branta species in this paper are deposited and listed in Table 1 .
The Anatidae family, besides geese, also consists of ducks and swans. Although the mtDNA of many species of the family Anatidae has been sequenced, the phylogenetic relationships are incomplete. Closely related species reveal changes of mtD-NA sequence, including the transitions in relation to transversions and also a higher proportion of silent substitutions (Ramirez et al., 1993) . The ducks are more distantly related to geese, the genetic distance between representatives of the Redhead duck Aythya americana and the White-fronted goose Anser albifrons is 15.7% (Feinstein, 2006) . The mitochondrial DNA of the Whistling duck Dendrocygna javanica is 16753 bp in length and the GC content is slightly lower than other Anseriformesthe same as in the Magpie goose (Jiang et al., 2010) . The gene order is similar to the Galloanserae birds and it is distinctive to avian species in the gene length of the H-strand and L-strand composition of the genes (Desjardins and Morais, 1990; Nishibori et al., 2001; 2002; 2004; Guan et al., 2009) . The control region is 1187 bp and it is located between tRNA-Glu and tRNA-Phe, with typical base content, with the highest components of A (31.1%) and C (28.7%) nucleotides (Jiang et al., 2010) . The sequences of the control region of the Fulvous whistling duck Dendrocygna bicolor is 1187 bp (AY112981) and the Eyton whistling duck Dendrocygna eytoni is 1183 bp long (AY112981) (Donne-Goussé et al., 2002; GenBank 2016) . The species treated as endangered and classified on the IUCN Red List is the Baikal teal Anas formosa. The total mtDNA base composition is 16594 bp with a typical arrangement of genes and one non-coding region 1040 bp long. The overall base composition shows the highest content of A (29.52%) and G (25.76%) (Ryu and Hwang, 2011) .
The Muscovy duck (Carina moschata) was domesticated in China and currently occurs around the world. In 2013, Tu and co-workers published a 16610 bp mtDNA sequence that included the 1040 bp D-loop between the t-RNA-Glu and tRNA-Phe rich in C (31.49%) and A (28.16%) nucleotides and disclosed a high (81.96%) similarity to the Mallard (Anas platyrhychos). Tu et al. also sequenced the 16604 bp mitochondrial DNA of the Xilin small partridge duck, the breed of duck also well-known in China (Tu et al., 2013) . The gene arrangement is similar to the Anatidae and one non-coding region located in a quintessential position for the bird's sequences. The length of the control region is 1049 bp with a high content of A and T nucleotides (Xie et al., 2014) .
The geese and the swans are related more closely to each other than to ducks; the genetic distance between the representatives of the goose Anser albifrons and the swan Cygnus columbianus columbianus reaches 11.6%. The complete sequence of mitogenome of the Whistling swan Cygnus columbianus columbianus is 16728 bp long, so that it is shorter than representatives of Anser species. The gene composition and many features are present also in Gallus gallus and is typical for birds -whereas the control region location is in the position 1891-3049 bp (Feinstein, 2006) . The separate subspecies of Cygnus columbianus columbianus is Cygnus columbianus bewickii, known as the Bewick's swan. Despite the fact that these two species occur under the collective name of the Tundra swan, it is easy to distinguish them by their morphological traits. The complete mitochondrial DNA of the Bewick's swan is one nucleotide shorter than the Whistling swan, having the distinctive order of genes typical for birds and also identical to other representatives of Cygnus (Jiang et al., 2010; Lee et al., 2012) . The length of the non-coding region is shorter than the Whistling swan (1157 bp) (Lee et al., 2012) . On the other hand, the complete mtDNA sequence of Cygnus columbianus jankowskii is 16723 bp in length, with a dominance of A (30.0%) and C (31.9%) bases. The non-coding region is 1148 bp long and displays differences in length as compared to Cygnus columbianus bewickii (1157 bp) and Cygnus columbianus columbianus (1159 bp), typically located between tRNA-Phe and tRNA-Glu for Anseriformes (Wang et al., 2014) . Other representatives of Cygnus genera are the Black swan Cygnus atratus and the Mute swan Cygnus olor. Their gene arrangement of mtDNA is similar to the Galloanserae and other vertebrate species. The mitochondrial DNA sequence of Cygnus atratus is 16748 bp in length and the G and C bases' are similar to Anseriformes; but it is higher than in Galliformes. The D-loop of Cygnus atratus is 1184 bp long and the compositions of the C (33.8%) and A (28.1%) bases are the most frequent (Jiang et al., 2010) . The mtDNA of Cygnus olor has an overall length shorter than Cygnus atratus, with the bases content of A+T -52.2% and G+C -47.8% including the D-loop sequence 1169 bp long located between the tRNA-Glu and tRNA-Phe genes. After phylogenetic analysis, Cygnus olor is more closely related to Anser cygnoides than to any other species in the Cygnus genus (Table 1) (Park et al., 2015) . Phylogeny of the Anatidae family Molecular analysis of the control region is a useful tool in constructing the relatively deep phylogeny in families such as Anseriformes, obtaining more stable, resolved and robust trees than the trees constructed using the protein coding genes of cytb or ND2. The conventional division in the most numerous group -the Anatidae -is between two subfamilies: the Anatinae and Anserinae, based on the analyses with high bootstrap values and indels mutations such as a large deletion in the control region of ca. 100 -130 bp in the Anatinae compared to Anserinae ( According to previous authors (Donne-Goussé et al., 2002; Livezey, 1997) , the Anserine sub-family includes the Anserine (Anser, Branta) and Cygnini (Cygnus, Coscoroba, Cereopsis) tribes; among these tribes the Coscoroba and Cereopsis, the Coscoroba and Cereopsis are considered sister genera suggesting that Cygnus evolved earlier than the other genera. The Anser genus is clearly monophyletic and simultaneously closely related to the Branta. The genera Dendrocygena commonly referred to as whistling ducks diverged earlier than the Anatnae and Anserinae (Donne-Goussé et al., 2002; Livezey, 1997). Based on two mitochondrial genes cytb and nd2, Gonzalez et al. (2009) extended the phylogeny of Anseriformes suggesting that previous molecular phylogeny differences could be due to taxon sampling and that Cereopsis and Coscoroba evolved earlier than the genera Anser, Branta and Cygnus contrary to the results reported by Donne-Goussé et al. (2002) .
The Oxyurini (Stiff-tailed ducks), including the genera Oxyura, Nomonyx, Bizura and Heteronetta, is a monophyletic group considered as a non-natural closely related group to the Anserinae but not to the Anatinae. Additionally, Malacorhynchus membranaceus, known as the Pink-eared duck, encompasses a basal position to swans and geese; moreover, the genera Netta and Tadorna were reported to be non-monophyletic and the relationship between the Callonetta and Melanitta was not obtained. Aves are prone to hybridisation producing new hybrid individuals in the species and as such close relations are occurring, especially among Anseriformes, e.g. Anser and Anas, but also in many distantly-related species as well (Gonzalez et al., 2009 ). According to Heikkinen et al. (2015) , the Greylag and domestic goose hybridised, resulting in phenotypical hybrids.
The Anser and Branta form a tribe, Anserini, with a high grade of alignment reaching almost 80%. The branching order and grouping of the Anser is not clear because of the close relatedness among the species in general, whereas the genetic distances vary from 0.9% to 5.5%. In contrast, the distances between the subspecies of the European and Greenland white-fronted goose reach 0.8%, and for the Western and Eastern greylag goose it is 1.0%. The most divergent taxa are the Snow goose and Ross's goose, creating a clade with high bootstrap support in the maximum parsimony and the maximum likelihood method, but at the same time these geese show the smallest divergence at a species level (0.3%). The Eastern and Western greylag goose are monophyly, with high support of both the aforementioned methods as well. In addition, relatively high bootstrap values are present in the monophyletic Pinkfronted and White-fronted geese as well as the maximum parsimony and the maximum likelihood method, however the Lesser white-fronted, Pink-footed, and Bean goose form a polytomy (Ruokonen et al., 2000) . This close relationship between the White-fronted, Pink-footed and Bean goose obtained the same results as the monophyletic group of the Bar-headed, Greylag and Ross's goose (Lee et al., 2008) . The Bean goose Anser fablis is closely related to the Anser albifrons, Anser anser and Anser cygnoides tribal members (Liu et al., 2013) . Moreover Anser cygnoides is more closely related to Anser anser than to Anser fabalis and Anser albifrons (Liu et al., 2015) .
Heikkinen et al. (2015) reported 44 haplotypes among wild Greylag and domestic geese population, of which six belong to domestic geese and 35 to wild Greylag geese, whereas three haplotypes were shared. Two main haplotypes were obtained for the domestic goose, D3 and D4, while haplotype diversity in the wild Greylag goose is very high (>0.8) in Eastern populations and in a similar range in European populations. For all Greylags, the diversity is 0.86 and for domestic geese it is 0.57, but for non-breed domestic geese, the diversity of haplotypes is higher than for most breeds. Based on six haplogroups, Heikkinen et al. (2015) reported that there were only minor differences in mitochondrial diversity between the graylag and European domestic geese. The close relatedness of the Anser species, as well as the short internal branches among the haplotypes of this species, indicate an existence of a period of rapid cladogenesis in the evolution of the Anser family. The speciation among Anser species dates back approximately 2-2.5 million years ago to the Late Pliocene and Pleistocene, whereas 0.5 million years ago, approximately in the Middle Pleistocene, marked the diversity of the most closely related Anser species (Ruokonen et al., 2000) .
conclusions Domestic breeds occupy almost all biogeographical regions of the world and represent one of the major groups of birds, especially from an economic perspective, showing them to be a perfect phylogenetic and evolutionary model as well. Anseriformes are generally a monophyletic group forming a sister clade with Galliformes, but at the species level the close relationships between these domestic breeds remain complex and unsolved. Phylogenomics is useful for resolving and verifying such relationships, including mitochondrial genomes. The control region -as the most variable sequence of mtDNA -is of special interest in this type of research, as well as a valuable information tool for determining identification in different biological material such as plumage, tissues and fossils. The most numerous family is the Anatidae and many new reports about the phylogenetic of these birds are published each year. At present, most of the research reported out of Asia and the USA analyses the Anatidae, primarily because many of these species are indigenous breeds and under federal protection. The D-loop of the Anatidae family is characterised for avian species by typical genes order in the location between tRNA-Glu and tRNA-Phe and base composition. The sequences of the control region among the Anser, Cygnini, Dendrocygna and Anas species range in size from 1049 to 1192 bp, indicating high diversity between the species. However, the phylogeny is still lacking so the research should be still ongoing for creating a relatively deep phylogeny and for providing further information into the diversity and evolution among this large and commonly bred group of poultry. , 17: 99-106. GenBank (www.ncbi.nlm.nih.gov/genbank), 22.10.2016 . G o n z a l e z J., D ü t t m a n n H., W i n k M. (2009). Phylogenetic relationships based on two mitochondrial genes and hybridization patterns in Anatidae. J. Zool., 279: 310-318. G u a n X., S i l v a P., G y e n a i K.B., X u J., G e n g T., T u Z., S a m u e l s D.C., S m i t h E.J.
(2009).
The mitochondrial genome sequence and molecular phylogeny of the turkey, Meleagris gallopavo. Anim. Genet., 40: 134-141. H e i k k i n e n M.E., R u o k o n e n M., A l e x a n d e r M., A s p i J., P y h ä j ä r v i T., S e a r l e J.B. (2015) . Relationship between wild greylag and European domestic geese based on mitochondrial DNA. Anim. Genet., 46: 485-497. H o l l a n d M.M., P a r s o n s T.J. (1999) . Mitochondrial DNA sequence analysis -validation and use for forensic casework. Forensic Sci. Rev., 11: 21-50. IOC World Bird List (www.worldbirdnames.org/ bow /waterfowl) 30.03.2016. J i a n g F., M i a o Y., L i a n g W., Y e H., L i u H., L i u B. (2010). The complete mitochondrial genomes of the whistling duck (Dendrocygna javanica) and black swan (Cygnus atratus): dating evolutionary divergence in Galloanserae. Mol. Biol. Rep., 6: 3001-3015. J i a n g G.T., L i n Q., H e P., Z h a n g X., Yu n L., L i X., L i u G., L i C., H e X., D a i Q.Z. (2014) .
The complete mitochondrial genome of the Wugangtong white goose. Mitochondr. DNA, 1-3: 3890-3892. L e e J.H., Ryu S.H., K a n g S.G., H w a n g U.W. . (1980) . Presbyornis and the origin of the Anseriformes (Aves: Charadriomorphae). Smithsonian Institution Press, 323. P a r k C.E., P a r k G.S., K w a k Y., H o n g S.J., K h a n A.R., J u n g B.K., P a r k Y.J., K i m J.G., P a r k H.C., S h i n J.H. Gene, . S l a c k K.E., J a n k e A., P e n n y D., A r n a s o n U. (2003) . Two new avian mitochondrial genomes (penguin and goose) and a summary of bird and reptile mitogenomic features. Gene, 302: 43-52. S n y d e r J.C., M a c k a n e s s C.A., S o p h e r M.R., H u b e r J.P., D i s a n t i s E.J., S e n e c a l A.J., B y r o n P. Va u g h n B.P., D e s a n t i s R.S., T o b e l m a n n P.E., H e c h t B a l a u f f N.M., B a r r y P.M., S h o w M.D., S p e e r i n g L.H., G e n a r e o C.A., B r e n n e r F.J., D u rw o o d B.R. (2013). The complete mitochondrial genome sequence of the Canada goose (Branta canadensis). Mitochondr. DNA, 26: 672-673. S o l a n o A., P l a y á n A., L ó p e z -P é r e z M.J., M o n t o y a J. (2001) . Genetic diseases of human mitochondrial DNA. Salud Pública Mex., 43: 151-161.
